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Abstract: This study was conducted in order to analyze the long-term arrival pattern of the great crested grebe
(Podiceps cristatus) in the Nakdong River estuary area, where undergoes rapid environmental changes, by studying
the data of early 1990s (between May of 1989 and April of 1993) and the data of mid-2000s (between May of 2002
and April of 2006). The result of data analysis of 8 years showed that, of the total 2,873 members of the family
Podicipedidae, there were 908 individuals (31.60%) of the great crested grebe (Podiceps cristatus) observed in the
Nakdong River estuary area. The analysis of early 1990s and mid-2000s showed that, in terms of early 1990s, while
a small number was observed in October, the number of birds arriving began to increase in November, with the
highest number observed in December. In mid-2000s, the smallest number was observed in October, with the
number of birds arriving increasing in November and the highest number observed in December. Monthly average
number of individuals was approximately 1.7 times higher in 2000s than in 1990s. In terms of the number of
individuals per month, there was no significant difference between the time period between November and March of
early 1990s and mid-2000s (P<0.343). The average number of individuals per region of the great crested grebe in
mid-2000s (between May of 2002 and April of 2006) was 38.53 individuals, and there was no significant regional
difference (P<0.075), with 5.00 individuals in Daema-deung (DMD), 6.00 individuals in Jangja, Shinja-do (JJ.SJD),
4.67 individuals in Saja, Doyo-deung (SJ.DY), 6.00 individuals in lower Ulsuk-do (LUD) and 129.50 individuals in
Ulsuk-do (USD). Since the great cormorant, a diving bird species which feeds on fish, use lower Ulsuk-do (LUD) and
Saja, Doyo-deung (SJ.DY) as foraging and resting ground, it is assessed that the great crested grebe, which is
smaller than the great cormorant, use Ulsuk-do, the region right below the estuary dam, as their habitat.
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Introduction
The great crested grebe is the biggest species, with the
longest neck, among the family Podicipedidae and is
characterized by their unique black head feather on their
head (Lee et al., 2000). They feed on fish and are known to
dive (Gwiazda, 1997) and are found in mid-Eurasia, Africa,
Australia and New Zealand (Cramp & Simmons, 1977).
Furthermore, the great crested grebe is observed in shallow
lakes, gravel pit and reservoirs during breeding season and
in estuaries, coasts and wide freshwater bodies during the
winter (Cramp & Simmons, 1977).
Until recently, studies on the great crested grebe (Podiceps
cristatus) in Korea was limited to the species being
mentioned in monitoring studies on winter migratory birds
arriving in the area for wintering and in other avifauna
studies, but there have not been studied on long-term study
on the species. The entire Nakdong River estuary area
includes the downstreams of Nakdong River, an arrival
ground for migratory birds designated as a migratory bird
destination (natural monument number 179, 1966. 7. 13:
247,933,884 m2). The area includes avifauna studies on the
avian fauna of the downstreams of the Nakdong River area
(Lee, 1983; Hong, 1997; Hong, 2003; 2004b), study on the
upper Nakdong River estuary area and the west Nakdong
River (Won 1988; 1989; Koo, 1994), study on waders and
plovers (Hong, 2005), study on the breeding ecology of the
little tern (Hong, 1997; Hong et al., 1998; Lee and Hong,
2009) and a study on the kentish plover (Hong, 1997; Hong
and Higashi, 2008). Furthermore, long-term avian fauna of
Nakdong River estuary area include long-term migration
pattern of Anas spp. (Lee and Hong, 2008), long-term
migration pattern of Egretta spp. (Hong and Lee, 2010) and
long-term migration pattern of the black-tailed gull and the
herring gull (Hong and Lee, 2011a; 2011b).
This study analyzed the data of early 1990s (between
May of 1989 and April of 1993) and the data of mid-2000s
(between May of 2002 and April of 2006) in order to
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examine and confirm the long-term migration pattern of the
great crested grebe in Nakdong River estuary area and to
provide basic data necessary for the protection and
management of the great crested grebe.
Materials and Methods
This study incorporated the number of individuals observed
in 1 to 3 sessions every month in early 1990s (a total of 4
years between May of 1989 and April of 1993) and 1 or 2
sessions every month in mid-2000s (a total of 4 years
between May of 2002 and April of 2006) in the entire
Nakdong River estuary area region (However, in the case of
the same species, the highest number of individuals was
selected as the number of individuals of the month).
The study area was divided into ① Daema-deung, ②
Jangja-do, Shinja-do, ③ Saja-deung, Doyo-deung, ④
lower Ulsuk-do and ⑤ Ulsuk-do (Fig. 1).
The study area was divided into land and water, and
Ulsuk-do, which enabled study of the lower Nakdong River
estuary, was examined via the point count method using the
telescope (×20~60, Sony) in areas with easy access of
observation. The strip transect method and the point count
method were used in aquatic area. Observation was
conducted while moving along a selected path (Fig. 1)
using a small boat; The strip transect method, which
incorporates examination with the naked eye and binocular,
and the point count method, which uses barges scattered or
the telescope (×20~60, Sony) settled on delta, were utilized
in areas which are difficult to approach by boat.
The number of individuals observed and confirmed were
all recorded. Species identification was conducted based on
Lee et al., (2000) and classification was conducted based
on Howard and Moore (1994). Furthermore, for statistical
analysis, the Mann-Whitney U test analysis was used for
the comparison of variation between the early 1990s group
and the mid-2000s group in terms of comparison by
number of individuals, month and region.
Results and Discussion
Overall pattern
During the study period (a total of 8 years between May of
1989 and April of 1993 and between May of 2002 and
April of 2003), members of Podicipedidae observed
included 204 individuals of the little grebe (Podiceps
ruficollis), 3 individuals of the horned grebe (Podiceps
auritus), 1,758 individuals of the black-necked grebe
(Podiceps nigricollis) and 908 individuals of the great
crested grebe (Podiceps cristatus) for a total of 2,873
individuals of 4 species.
Fig. 1. Location of study site on Nakdong Estuary, Busan, Republic of Korea. Dark line shows the route for avifaunal survey from May 1989 to
April 1993. White dotted line shows the route for avifaunal survey from May 2002 to April 2006.
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The number of individuals of the great crested grebe
Among the 2,873 individuals of 4 species observed over the
8 years in the Nakdong River estuary area, there were 908
individuals of the great crested grebe (Podiceps cristatus)
(31.60%). In terms of the great crested grebe observed per
year, there were 173 individuals in the 1st year (between
May of 1989 and April of 1990), 62 individuals in the 2nd
year (between May of 1990 and April of 1991), 52
individuals in the 3rd year (between May of 1991 and April
of 1992), 43 individuals in the 4th year (between May of
1992 and April of 1993), 77 individuals in the 5th year
(between May of 2002 and April of 2003), 56 individuals in
the 6th year (between May of 2003 and April of 2004), 107
individuals in the 7th year (between May of 2004 and April
of 2005) and 338 individuals in the 8th year (between May
of 2005 and April of 2006).
Comparison of the migration pattern of the great
crested grebe by month
The Mann-Whitney U test analysis was used in order to
compare the variation of the number of individuals of the
great crested grebe observed in early 1990s (between 1989
and 1993) and in mid-2000s (between 2002 and 2006)
(Table 1). As shown in Table 1, in terms of the number of
individuals, there was so statistically significant difference
between the figures of early 1990s and mid-2000s
(P<0.343, N=4, M-W’s U), and it was shown that mid-
2000 exhibited a higher number of individuals (Mean=
114.50) than early 1990s (Mean=82.50).
The Mann-Whitney U test analysis was used in order to
compare the variation of the number of individuals of the
great crested grebe observed in early 1990s (between 1989
and 1993) and in mid-2000s (between 2002 and 2006) by
month (Table 2). As shown in Table 2, in terms of the
number of individuals per month, there was no statistically
significant difference between November and the following
March of early 1990s and mid-2000s. Results of examining
the average number of the great crested grebe per month in
early 1990s (between 1989 and 1993) and mid-2000s (between
2002 and 2006) show a small number observed in October,
followed by the number of birds arriving began to
increasing in November, with the highest number observed
in December. In mid-2000s, the smallest number was
observed in October, with the number of birds arriving
increasing in November and the highest number observed
in December. Monthly average number of individuals was
approximately 1.7 times higher in 2000s than in 1990s (Fig.
2).
Regional pattern of the great crested grebe
In terms of the number of individuals observed by region,
10 individuals in Daema-deung, 12 individuals in
JangjaShinja-do, 14 individuals in SajaDoyo-deung, 24
individuals in lower Ulsuk-do and 518 individuals in
Ulsuk-do were found in early 1990s (Fig. 3, Table 3).
The average number of individuals per region of the
great crested grebe in mid-2000s (between May of 2002
and April of 2006) was 38.53 individuals, and there was no
significant regional difference (P<0.075), with 5.00 individuals
in Daema-deung (DMD), 6.00 individuals in JangjaShinja-
do (JJ.SJD), 4.67 individuals in SajaDoyo-deung (SJ.DY),
6.00 individuals in lower Ulsuk-do (LUD) and 129.50
individuals in Ulsuk-do (USD).
Annual data of Ulsuk-do, which displayed the highest
number of individuals, showed 52 individuals in the 5th
year (between May of 2002 and April of 2003), 51
individuals in the 6th year (between May of 2003 and April
of 2004), 83 individuals in the 7th year (between May of
2004 and April of 2005) and 332 individuals in the 8th year
(between May of 2005 and April of 2006), for a total of 518
individuals (89.62%) in the period of 4 years.
Table 1. Comparision of early 1990s to middle 2000s in the number
of individuals of Great Crested Grebe in the Nakdong estuary (89-93:
1989-1993, 02-06: 2002-2006)
Division Year Mean SD M-W’s U p
89-93 4 82.50 60.83
4.00 .343
02-06 4 114.50 130.69
Table 2. Monthly Comparison of the number of Great Crested Grebe
(1989-1993, 2002-2006)
Month N M SD M-W's U p
May.
89-93 . . .
. .
02-06 . . .
Jun.
89-93 . . .
. .
02-06 . . .
Jul.
89-93 . . .
. .
02-06 . . .
Aug.
89-93 . . .
. .
02-06 . . .
Sep.
89-93 . . .
. .
02-06 . . .
Oct.
89-93 2 8.00 1.41
. .
02-06 1 2.00 .
Nov.
89-93 4 7.07 3.53
1.50 .114
02-06 3 3.21 1.86
Dec.
89-93 3 25.67 23.50
5.00 .857
02-06 4 63.75 93.95
Jan.
89-93 4 15.25 24.00
4.00 .343
02-06 4 16.50 3.87
Feb.
89-93 4 14.75 12.12
7.00 .886
02-06 4 15.00 8.08
Mar.
89-93 4 15.75 7.63
5.00 .486
02-06 4 43.50 45.26
Apr.
89-93 1 2.00 .
. .
02-06 1 5.00 .
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Discussion
The members of family Podicipedidae observed in Nakdong
River estuary area included the little grebe (Podiceps
ruficollis), the horned grebe (Podiceps auritus), the black-
necked grebe (Podiceps nigricollis) and the great crested
grebe (Podiceps cristatus), for a total of 2,873 individuals
of 4 species. Of the total 2,873 members of the family
Podicipedidae, there were 908 individuals (31.60%) of the
great crested grebe (Podiceps cristatus). A small number of
the great crested grebe was observed in October, followed
by the number of birds arriving increasing in November,
Fig. 2. Monthly change in the average of individuals in Nakdong estuary in 1989 - 1993 and 2002-2006.
Fig. 3. The number of individuals of Great Crested Grebe at 5 region in the Nakdong estuary between May 2002 and April 2006.
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with the highest number observed in December. In
Nakdong River estuary area, the great crested grebe begins
to arrive in October and begins to migrate to the north in
February, which displays a typical migratory pattern of
winter migratory birds. They use the Nakdong River estuary
area as a wintering ground.
Including Podicipedidae, families Alcidae, Gavidae,
Phalacrocoracidae and Mergansers are birds which feed on
fish (Cramp & Simmons 1977; 1985). The little grebe,
which are small in size, avoid aquatic areas deeper than 1m
in depth, and this is because they spend majority of their
energy seeking food (Ceccobelli and Battisti, 2010).
However, the great crested grebe favors either natural or
artificial cool or cold freshwater or brackish water between
0.5 and 5 m in depth (Cramp & Simmons 1977).
The great cormorant, which is bigger than the great
crested grebe, dives and has webbed feet (White et al.
2008). They utilize a wide range of feeding ground, from
20 cm deep riffle to rapid current of over 160 cm (Iguchi et
al., 2008). They generally dive between 6 and 18 m in
depth (White et al., 2008), but are able to dive as deep as
35 m (Steffens, 2010). In the case of the great crested grebe,
10 individuals in Daema-deung, 12 individuals in
JangjaShinja-do, 14 individuals in SajaDoyo-deung, 24
individuals in lower Ulsuk-do and 518 individuals in
Ulsuk-do were found, which signifies that the majority of
them are found in Ulsuk-do. Normally, detrimental artificial
factors, such as water pollution, sudden change in water
level and changes in river coast vegetation or nutrient
composition, may affect regional population (Crivelli et al.,
2006).
At the time of the floodgate construction of the Nakdong
River estuary area, which is crucial to the area’s lower main
stream, the area had undergone dredging during the preliminary
work progress, and the area exhibits easy water flow and
relatively deep water depth. Since the great cormorant feed
and rest in the lower Ulsuk-do (LUD) and the SajaDoyo-
deung (SJ.DY) area, which are included in the area (Hong
and Lee, 2011c), it is assessed that the great crested grebe,
which is smaller in size than the great cormorant, live in
Ulsuk-do, a region right below.
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